SYSTEM AND METHOD FOR MANUFACTURING 
POLYMER MAT WITH REDUCED CAPACITY SPINNING PUMPS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] None. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 

DEVELOPMENT 

[0002] Not Applicable. 

BACKGROUND OF THE INVENTION 
[0003] This invention relates generally to the production of mat structures. Particularly, the 
invention relates to the production of polymer fibers created through melt spinning and the 
methods and systems by which such fibers are turned into spunbond or non-woven needle 
punched fibrous mats. 

[0004] Melt spinning generally involves extrusion of thermoplastics to create molten 
polymers. The molten polymers are extruded through a system that includes at least an extruder 
and generally one or more spinning pumps to force molten polymer through spinning packs. 
Each spinning pack contains a spinnerette, and generally includes a block and breaker or filter as 
well. 

[0005] Fibers or filaments are created when the molten polymer passes through the elements 
of the spinning pack, eventually passing through a series of small orifices in the spinnerette. This 
produces fine, small diameter strands of polymers that are pulled from the spinning pack or 
dropped freely from the spinnerette. These strands are generally quenched or cooled, and then 
fed into a system for creating the mat. The fibers are collected, either through a pull-through 
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system or by receipt on a conveyor belt, and are then compressed or needle punched to make the 
mat. 

[0006] Typically the number of orifices in a spinnerette should be as high as possible to 
maximize the filament production rate. In other words, in commonly used systems the number of 
orifices is selected to create a sufficient number of filaments per time increment to fully utilize 
the conveyor belt of the collection process and create a consistent distribution of filaments per 
unit area of the belt. 

[0007] These systems, however, create a considerable amount of trim, or excess fibers that 
either overhang or drop outside the width of the belt, or otherwise need to be cut-off to make the 
mat the proper size. This trim is often not recyclable, because once the polymers have been 
extruded they cannot be put back into the system. 

SUMMARY OF THE INVENTION 
[0008] The present invention provides an improved system and method for reducing the 
amount of trim generated in the production of polymer fibers, thereby making the process of 
creating spunbond or woven mats more efficient. 

[0009] In one aspect, an improved system for manufacturing a polymer mat includes at least 
one extruder, at least one pump receiving an extruded polymer, and a plurality of spinning packs 
each having a plate with multiple orifices, wherein at least one spinning pack of the plurality of 
spinning packs has a lesser number of orifices than the remaining spinning packs. By reducing 
the capacity of selected spinning packs on the outside edges through reduced orifice density at 
marginal locations, trim, as well as overall waste, is reduced. 

[0010] In another aspect, a process is disclosed for producing filaments for a mat. The 
process includes extruding a polymer and passing the extruded polymer through a plurality of 
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spinning packs located above a conveyor belt, each spinning pack having a plurality of orifices 
with portion of the spinning packs located above an outer edge of the conveyor belt have a lower 
orifice density than the orifice density of the spinning packs located above a central portion of 
the conveyor belt. As a result, the average number of filaments per unit area of the conveyor belt 
received at an outer lateral edge of the conveyor belt is less than the number of filaments per unit 
area of the conveyor belt received at a central portion of the conveyor belt. 
[0011] The invention of another aspect provides for a reduced capacity spinning pack for use 
in production of polymer filaments. The spinning pack includes a block containing a series of 
flow channels and a spinnerette aligned with the block that receives a liquid polymer from the 
flow channels in the block. The spinnerette has a plurality of bores arranged on approximately 
one half or less of the spinneret to produce polymer filaments though only one half or less of the 
spinnerette. 

[0012] There is also disclosed, in yet another aspect, a system for producing a polymer fiber 
mat fabric. The system includes (a) at least one extruder having a receiving chamber for 
accepting a plurality of polymer chips, and an exit die; (c) at least one pump having an outlet and 
an inlet that receives an extruded molten polymer after it has passed the exit die of the extruder; 
(d) a plurality of spinning packs each having a body and a die; wherein the body receives the 
extruded molten polymer and the extruded molten polymer is forced through the die by pressure 
from the at least one pump to form polymer filaments; (e) a conveyor belt on which the polymer 
filaments collect; and (f) an entangler bonding the polymer filaments into a mat. 
[0013] Although in the past reducing the capacity of some spinning packs had been 
considered a detriment to quality of the mat, the improved systems, apparatus, and methods of 
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manufacturing disclosed herein maintain the quality of the mat product while reducing the 
amount of raw material used. 

BRIEF INSCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is a schematic view of an exemplary system for manufacturing polyester mat 
consistent with the current invention. 

[0015] FIG. 2 is a bottom plan view of the spinning packs of the exemplary system shown in 
FIG. 1. 

[0016] FIG. 3 is an exploded view of an exemplary spinning pack for use in the current 
invention, the spinning pack including a block, breaker, and spinnerette. 
[0017] FIG. 4 is a bottom plan view of the block shown in FIG. 3. 

[0018] FIG. 5 is an exploded view of another exemplary spinning pack for use in the current 

invention, the spinning pack including a block, breaker, and spinnerette. 

[0019] FIG. 6 is a bottom plan view of the block shown in FIG. 5. 

[0020] FIG. 7 is a fragmentary close-up view of the orifices in a spinnerette. 

[0021] FIG. 8 is a cross-sectional view taken along line 8-8 showing the profile of the 

orifices of the breaker and spinneret. 

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
[0022] In one preferred embodiment, a polymer mat or other spun fiber product is made with 
polyethylene; however, those of skill in the art will appreciate that polypropylene, nylon, or other 
polymers and thermoplastics, or equivalent materials, may also be used with the systems and 
methods of the present invention. Moreover, a variety of polymer solutions may be used 
consistent with the current invention. 
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[0023] Referring to Fig. 1, one embodiment of a system 10 for manufacturing a mat is 
shown. Polymer chips 12 (e.g., polyethylene chips) or other thermoplastic raw material is fed 
into a hopper 14 or other common feed system. The polymer chips 12 are then delivered to an 
extruder 16. The extruder 16 may be of a type conventionally known, and for example may be a 
single-screw or twin-screw extruder operating with the screw(s) operating within a barrel. Inside 
the extruder 16, the screw grinds the chips 12, creating friction and heat that melts the chips and 
simultaneously forces the same forward through the extruder barrel. Thus, inside the extruder 16, 
heat and pressure generated by the extruder screw(s) melt the polymer chips 12 creating a molten 
polymer used to create fibers. 

[0024] In some embodiments, the extruder 16 may dispense the molten polymer directly into 
a series of spinning packs to create the fibers that form the mat. However, in the embodiment 
shown in Fig. 1, a pump 18, or spinning pump (which may also be referred to as a melt pump, 
metering pump, or filament pump), receives the extruded molten polymer. In other embodiments 
of the system, a manifold may be incorporated to feed a plurality of spinning pumps. 
[0025] The spinning pump 18 (or pumps) feeds a piping manifold 20, which supplies the 
molten polymer to a plurality of spinning packs 22. The use of the spinning pump 18 generates a 
steady feed rate for the molten polymer, which may be beneficial in that the rate is more constant 
than if the extruder 16 fed the spinning packs 22 directly (considering, for example, fluctuations 
in the output rate of the extruder 16). A steady feed rate aids in generating fibers of fairly 
consistent thickness and denier. However, the system of the current invention can be used in 
embodiments where the extrusion pressure developed by the extruder 16 is used to force the 
extruded polymer into the spinning packs 22 without any auxiliary pumps. 
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[0026] Spinning pack 22, best seen in Figs. 3 and 5, is made of metal (e.g., aluminum or steel 
alloys), although other materials may be chosen as those of skill in the art will appreciate, so 
long as the necessary strength and thermal tolerances are met by the materials of choice. 
Referring to Fig. 3, one exemplary embodiment of a spinning pack 22(a) includes a body or 
block 30 that receives the heated polymer, a breaker 40 having multiple orifices 44, and a die or 
spinnerette 50 also having multiple orifices 54 preferably aligned with the orifices of the breaker. 
The spinning pack 22 is assembled into individual units, commonly through the use of aligned 
axial bores such as the bores 42 and 52 through the breaker 40 and spinnerette 50. The breaker 40 
and spinnerette 50 are secured to the block 30; in the embodiment shown, a bolt 60, or other 
common fastener, threads through bores 52 and 42 and into a receptacle 34 (e.g., a threaded bore) 
in the block 30 (as shown in Fig. 4) to secure the breaker 40 and spinneret 50 to the block 30. 
[0027] Referring to Figs. 3 and 4, the molten polymer is fed by the spinning pump(s) through 
the assembled spinning pack 22 by way of flow channels 32 in the block 30. Pressure created by 
the pump forces the molten polymer to be dispersed across the orifices 44 of breaker 40. A 
gasket 46 or other seal is employed to contain flow of the polymer in the spinning pack 22 and 
more particularly through the orifices 44. Similarly, a gasket 56 contains the flow of the polymer 
in the spinning pack 22 to direct it though the spinnerette orifices 54. 

[0028] Accordingly, referring again to Fig. 1, the feed thermoplastic material (e.g., polymer 
chips 12) enters the spinning pack as a stream of molten polymer and exits through the 
spinnerette orifices 54 as a plurality of extruded fibers or filaments 1 10, hardenable strands of the 
polymer material. In one embodiment, the spinning packs 22 may also contain upstream filter 
elements (not shown) to aid in removing unmelted polymer or other solids that could block the 
orifices 44 and degrade production and the continuity of the filaments. 
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[0029] Another exemplary embodiment of spinning packs 22 for use in the current invention 
is reduced capacity spinning pack 22(b) as shown in Fig. 2 and in more detail in Fig. 5. Spinning 
pack 22(b) includes a block 70 that receives the heated polymer, a breaker 80 having multiple 
orifices 84, and a die or spinnerette 90 also having multiple orifices 94 preferably aligned with 
the orifices of the breaker. However, as can be seen in Fig. 2, and in comparing Figs. 3 and 5, 
spinning pack 22(b) contains a lower orifice density than spinning pack 22(a). In the 
embodiments shown, there is a relatively smaller number of orifices or bores through breaker 80 
and spinnerette 90 of spinning pack 22(b) than through breaker 40 and spinnerette 50 of spinning 
pack 22(a). As one example, the orifices 84 and 94, of the breaker 80 and spinneret 90, 
respectively, may extend in radial rows on the breaker and spinneret for less than 180 degrees 
around the breaker and spinneret, and may have about 50% or less orifices in comparison to that 
of the breaker 40 and spinneret 50 of the non-reduced capacity spinning pack 22(a). 
[0030] As shown in Figs. 7 and 8, the orifices 44 through breaker 40 (and orifices 84 through 
breaker 80 of the reduced capacity spinning pack 22(b)) may have a greater diameter portion 120 
than the spinnerette orifices 54, 94 reduced diameter portion 130, thereby step reducing the 
thickness of the filament as it passes through the spinning packs 22(a) and 22(b), creating a fine 
filament and a preferred denier at the spinning pack exit orifice 132. In a preferred embodiment 
the orifices 44, 54, 84, 94 in the spinning pack have a circular cross-section. The diameter of the 
orifices through a breaker 40 or 80 (and through a spinneret 50 or 90) is preferably in the range 
of 0.4 to 3 millimeters. In addition, the diameter of the orifices through the breaker 40 or 80 may 
vary over the length of the bore as shown in Fig. 8. In particular embodiments there may be a 
counter bore 122 having a first relatively greater diameter at the upstream end of the breaker 
orifice 120 and a relatively smaller orifice at the downstream end of the orifice. As one example, 
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the diameter of the counter bore 122 at the upstream end may be about 50% larger or greater than 
the diameter of the downstream end. Additionally, the bore 130 through the die or spinnerette 50 
or 90 may have a relatively smaller spinning orifice 132 at the downstream exit from the 
spinneret. 

[0031] The spinning packs may be arranged in rows as shown in Fig. 2. Various 
combinations of rows and numbers of spinning packs 22 are consistent with the spirit and scope 
of the present invention. For example, although a two-row embodiment is shown in Figs. 1 and 
2, embodiments are envisioned wherein there are one, three, four or six or more rows of spinning 
packs. Each row may be fed the molten polymer by one or more extruders and may also employ 
one or more dedicated spinning pumps or a series of spinning pumps associated with the row or 
with each spinning pack. In one preferred arrangement, the set of spinning packs 22 includes reduced 
capacity spinning packs 22(b) located 

[0032] Each row is generally located near the adjacent row, so that the output filaments 110 
are enmeshed as the filaments drop in various directions to the conveyor belt 140 below. The 
polymer filaments 1 10 are solidified after exiting the spinning packs by the ambient air outside 
the spinning packs 22 which has a temperature cooler than the output filaments. As shown in Fig. 
1, the filaments 1 10 are dropped from the spinning packs 22 located above a conveyor belt 140 
onto the belt creating a randomly directed array 142 of thin polymeric fibers. The conveyor belt 
140 may contain a series of holes (not shown) through which air is drawn down through the belt 
to hold the filaments 142 in place during the further process of creating the mat. 
[0033] It is important to obtain a steady distribution of fibers 1 10 across conveyor belt 140 in 
order to produce a mat with relatively consistent thickness and weight. One way of achieving this 
is to implement the exemplary spinning pack arrangement shown in Fig. 2. In this arrangement, the set of 
spinning packs 22 includes reduced capacity spinning packs 22(b) located on opposite ends of the 
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spinning pack set near lateral edges of the conveyor belt 140 and on adjacent rows such that the reduced 
capacity spinning packs 22(b) are diametrically opposed from one another. 

[0034] As shown in Figs. 1 and 2, in one embodiment of the current invention the orifice 
density of the spinnerettes in spinning packs 22 is reduced at the portion of the spinning pack(s) 
located above the outer lateral edges of the conveyor belt. Thus for the embodiment shown in 
Fig. 1, the outer spinning packs 22 in the rows, designated 22(b) and located nearest and above 
the outer edges of the conveyor belt, have a reduced number of orifices, as can be seen in Fig. 2. 
By use of the reduced capacity spinning packs 22(b), excess material and trim waste may be 
reduced. 

[0035] In embodiments of the invention where there are a plurality of spinning pumps, the 
output capacity of certain spinning pumps may be reduced, particularly those spinning pumps 
most associated with the reduced capacity spinning packs 22(b). This pump capacity reduction 
may be accomplished by reducing the pump motor rpm, by running at the same rpm with a 
restricting orifice plate, or by other common means. The reduced capacity pumps would be 
located in the system to correspond with the lower orifice density spinning packs. 

EXAMPLE 

[0036] Two rows of thirty spinning packs and associated spinning pumps were used in a 
production trial. In each row, the two outermost spinning packs were replaced with reduced 
capacity spinning packs, particularly spinning packs wherein the number of orifices in the die 
was reduced by about fifty percent. The orifice pattern of the spinning packs was similar to that 
shown in the spinning packs 22(b) of Fig. 5. The bores 84 in the breaker plate 80 had a diameter 
of 3.0 millimeters with a 60° chamfer. Each bore 84 was substantially aligned with the bores in 
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the spinnerette, and each bore in the spinnerette was 3.0 in diameter at the inlet reducing to 0.4 
millimeters at the spinning nozzle. 

[0037] In the exemplary test, each spinning pump associated with a reduced capacity 
spinning pack was run at consistent rpm but with half of the throughput. The polymer raw 
material used in the test example was polyethylene terephthalate. 

[0038] As a result of this production trial, trim was reduced by about thirty percent. This 
resulted in significant savings in the cost of raw material, with no reduction in the product 
quality. In the past, it was a widely held belief that reducing the capacity of the spinning packs 
would result in a product that did not meet quality standards, particularly in the areas of the 
reduction where product weight or uniformity of thickness were expected to suffer. However, 
this was not the case. 

[0039] It is envisioned that in other embodiments, there may be more than one reduced 
capacity spinning pack 22 associated with the lateral edge portion of a row. For example, a 
laterally outermost pack 22 may have a certain reduction in capacity such as fifty percent, the 
adjacent spinning pack 22 in the row may have a lesser reduction in capacity such as twenty-five 
percent, and the laterally innermost spinning packs 22 have no reduction in capacity. Moreover, 
the individual spinning packs 22 may be replaced by one or more spinning packs having 
relatively longer openings, for example rectangular slots, where the opening(s) are sized to cover 
the width of the conveyor belt 140 that receives the extruded filaments 110. The extrusion 
orifices would be spaced across the opening. In such an embodiment, the number of orifices 
closest to the edge portions of the opening, i.e., those closest to the lateral edges of the conveyor 
belt 140, would be reduced to decrease filament production in the outer edge margins of the mat, 
thereby reducing trim and waste. 
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[0040] Referring again to Fig. 1, the array of filaments 142 passes along the conveyor belt 
140 and is bonded in an entangler 150 to create the mat. The entangler 150 is shown in the form 
of one or more compression rollers. However, the entangler 150 may also comprise a needling 
section of the system 10. In the needling section, thousands of needles may be installed on a 
camshaft to needle punch the filaments into a mat forming a stable fabric. The mat may be 
needled on one side, then pass through a second needling section that needle punches the other 
side. 

[0041] Since certain changes may be made in the above systems and methods without 
departing from the scope hereof, it is intended that all matter contained in the above description 
or shown in the accompanying drawing be interpreted as illustrative and not in a limiting sense. 
It is also to be understood that the following claims are to cover certain generic and specific 
features described herein. 
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